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A B S T R A C T
The fate of vicilins ingested by Callosobruchus maculatus and the physiological importance of these
proteins in larvae and adults have been recently investigated. Vicilins have been demonstrated to be
absorbed through the midgut epithelium, circulate in their trimeric form in the haemolymph and are
deposited in the fat body. In fat body cells of both sexes, vicilins are partially hydrolyzed and the
fragments are eventually deposited in the eggs. Tracking the fate of FITC-labelled vicilins in adult males
revealed that the labelled vicilin fragments were also detected in oo¨cytes and eggs, when the males
copulated with non-labelled females. Based on the results presented here, we propose that following
absorption, vicilins accumulate in the fat body, where they are partially degraded. These peptides are
retained throughout the development of the males and are eventually sequestered by the gonads and
passed to the female gonads during copulation. It is possible that accumulation in the eggs is a defensive
strategy against pathogen attack, as these peptides are known to have antimicrobial activity. The
contribution of vicilin-derived peptides from seminal ﬂuids may be an investment that helps to increase
the offspring survival. This study provides additional insights into the possible contributions of males to
female fecundity following copulation in C. maculatus.
 2011 Elsevier Ltd.  
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Seed-feeding beetles (Coleoptera: Chrysomelidae: Bruchinae),
also known as bruchids or inappropriately as weevils, are excellent
models for many studies of evolutionary ecological issues, such as
population dynamics (Fujii, 1968; Tuda and Shimada, 2005), sexual
conﬂicts (Gwynne, 2008) and detoxiﬁcation of seed defensive
compounds (Rosenthal et al., 1982; Rosenthal, 1983; Ishimoto and
Chrispeels, 1996; Silva et al., 2001). The relationship between
bruchids and legumes (family Fabaceae) is unique in natural
environments, because approximately 80% of bruchid species only
develop inside leguminous seeds and these seeds are only
signiﬁcantly consumed by bruchids (Southgate, 1979; Johnson,
1981; Kergoat et al., 2007). There is not a similar interdependence* Corresponding author. Fax: +55 48 3234 4069.
E-mail address: capsilva@ccb.ufsc.br (C.P. Silva).
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Open access under the Elsevier OA license.in nature between a group of insects and a group of plants such as
that of bruchid-legume seeds. Interactions between bruchids and
their seed hosts are complex and have led to the appearance of
adaptive mechanisms enabling the insects to reproduce and
develop despite the fact that leguminous seeds are amongst the
most well chemically defended plant organs. However, some
bruchid species were able to exploit anthropic environments by
shifting their habits to infest seeds in the ﬁeld to attack the seeds in
storage environments. The most economically important of those
species are the cowpea weevil (Callosobruchus maculatus), the
common bean weevil (Acanthoscelides obtectus) and the Mexican
bean weevil (Zabrotes subfasciatus). They are easy to breed and
handle, and laboratory colonies experience conditions similar to
their storage habitat.
The cowpea seed beetle, C. maculatus (Fabricius), is a
cosmopolitan pest of stored legumes, particularly seeds of the
genus Vigna, e.g. Vigna unguiculata and Vigna angularis. Females
cement their eggs to the surface of seeds and approximately six
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burrow through the tegument to reach the seed cotyledon.
Larval development (four instars) and pupation are completed
entirely within a single host seed. Adults emerge from the seeds
through a ‘‘pupal window’’ eroded in the tegument just before
pupation and are able to mate and oviposit within a question of
few hours. At 29 8C, the life cycle in our colony takes about 28
days. C. maculatus adults can easily be maintained in the
laboratory as aphagous, this means that they are able to survive
and reproduce without food and water. Both females and males
of C. maculatus are capable of multiple mating during their
lifetimes (Fox, 1993). During copulation, virgin C. maculatus
males transfer a large volume of sperm, which can reach 8–10%
of their body weight (Eady, 1995; Eady et al., 2007). Another
conspicuous observation concerning copulation in C. maculatus
is the fact that the male inﬂicts injuries in the female’s genital
tract due to the numerous and sclerotized spines that adorn its
penis (Crudgington and Siva-Jothy, 2000; Edvardsson and
Tregenza, 2005). Some authors claim that the injuries can affect
the female longevity (Crudgington and Siva-Jothy, 2000;
Gwynne, 2008; Edvardsson and Tregenza, 2005). Actually, there
is no consensus in the literature about the negative effect on
female ﬁtness as result of the injuries caused by the C. maculatus
spiny penis. Fox (1993) demonstrated that double-mated
females lived longer and laid more eggs than females that
mated only once, probably due to the fact that females received
larger amounts of nutrients present in the ejaculates. The
opinions arising from the studies about the effects of polyandry
in C. maculatus indicate that the beneﬁts and costs of multiple
mating are probably complex (Edvardsson and Tregenza, 2005;
Eady et al., 2007).
In spite of the increasing interest in the study of the selective
pressure leading to polyandry in C. maculatus, little attention has
been paid to the possibility that female nutrition through
copulation may also include substances representing male
investment in egg protection. Recently we have demonstrated
that vicilin, a multifunctional protein from the seeds of V.
unguiculata, is absorbed by the midgut epithelium of larval C.
maculatus (Uchoˆa et al., 2006; Souza et al., 2010). The absorbed
vicilin molecules are partially degraded in the fat body of late
instar larvae and the vicilin-derived peptides are immunode-
tected in adult females and males after emergence. The vicilin-
derived peptides are eventually deposited in the eggs following
copulation. As peptides with sequences homologous to the
internal sequences of vicilins are known to have antimicrobial
activity (Marcus et al., 1999; Manners, 2007), we have suggested
that these peptides are deposited in the eggs to protect them
against microbial attack.
In this paper, we further characterize the functional importance
of the absorption of vicilin and its fate in adult C. maculatus,
demonstrating that the vicilin-derived peptides found in males are
transferred to female as seminal nuptial gift. It was also
demonstrated that these vicilin-derived peptides were deposited
in the eggs, putatively contributing to their defensive arsenal.
2. Materials and methods
2.1. Rearing of insects
The colony of the cowpea weevil C. maculatus used in this work
was initiated with animals supplied originally by Dr. J.H.R. Santos,
Centro de Cieˆncias Agra´rias, Universidade Federal do Ceara´,
Fortaleza, CE, Brazil. Stock cultures of this species are being
maintained continuously since 1984. Insects were reared on V.
unguiculata seeds in natural photoperiod and maintained at
29  1 8C and relative humidity of 65  5%.2.2. Preparation of samples from insects
Gonads or genitalia and fat body were obtained from virgin
males or mated females two days following emergence. Pre-chilled
adults were washed with cold physiological saline (250 mM NaCl),
dried with ﬁlter paper and samples were obtained by piercing the
cuticle with ﬁne forceps followed by collection of the genitalia
directly onto glass slides for microscopy or homogenized as
described below.
After collection of the genitalia and removal of organs such as
the midgut and malpighian tubules, most of the fat body was
collected with ﬁne forceps and transferred directly to pre-chilled
1.5 mL tubes. Peripheral fat bodies attached to epidermis were also
collected, although it was difﬁcult to remove all of them. Following
collection, pooled gonads and fat body samples were homogenized
using a hand-held Potter-Elvehjem homogenizer immersed in ice
in a volume of 500 mL of physiological saline. Tissue homogenates
were centrifuged at 15,000  g for 30 min at 4 8C and the
supernatants were used for protein and electrophoresis experi-
ments.
2.3. Vicilin puriﬁcation
Vicilins were puriﬁed from C. maculatus susceptible (Epace-10)
seeds employing the procedure of Macedo et al. (1993). Ground
meal extracted with 50 mM borate buffer, pH 8.0, for 30 min at
room temperature was centrifuged (30 min at 8000  g, 5 8C) and
soluble proteins were fractionated by ammonium sulphate
precipitation. The 70–90% saturation fraction was dialysed against
distilled water, freeze-dried and chromatographed on a DEAE-
Sepharose column (2 cm  20 cm) equilibrated with 50 mM Tris–
HCl, pH 8.0, and eluted with a NaCl gradient (0–1 M) in the same
buffer. The vicilin-rich fractions were then loaded onto a Sephacryl
S-400 column (2.5 cm  70 cm) in 0.1 M Tris–HCl, 0.25 M NaCl, pH
8.0. Fractions containing vicilins were dialysed against distilled
water and freeze-dried.
2.4. Protein determination
Protein concentration was determined according to the method
of Smith et al. (1985), as modiﬁed by Morton and Evans (1992),
using bovine serum albumin as a standard. In some experiments
protein concentration was determined according to the method of
Bradford (1976), using ovalbumin as a standard.
2.5. Electrophoresis
Proteins were separated by SDS polyacrylamide gel electro-
phoresis (Laemmli, 1970). Samples (20 mg of proteins) were
prepared by adding 4 SDS sample buffer and boiled for
5 min prior to loading. Gels were run at a constant voltage of
150 V and stained using Coomassie blue dye (0.05% [w/v]
Coomassie blue in 7% [v/v] glacial acetic acid; 40% [v/v]
methanol) followed by de-staining (19% [v/v] glacial acetic
acid, 40% [v/v] methanol).
2.6. Covalent conjugation of FITC to vicilin
FITC (ﬂuorescein isothiocyanate) was covalently coupled to
vicilins from V. unguiculata (genotype Epace-10). FITC (50 mg in
1 mL anhydrous dimethyl sulfoxide) was immediately diluted in
0.75 M bicarbonate buffer, pH 9.5 before use. Following addition of
FITC to give a ratio of 1 mg/mg of vicilin, the tube was wrapped in
foil; incubated and rotated at room temperature for 1 h. The un-
reacted FITC was removed by dialysis against distilled water. The
resulting solution was freeze-dried.
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In order to verify the fate of the labelled vicilins in adults of C.
maculatus, the FITC–vicilin complex was mixed with cowpea ﬂour
at the concentration of 2.0% (w/w). Feeding C. maculatus larvae
were transferred at the beginning of the fourth instar (when larvae
are actively consuming their diet) to gelatin capsules containing
mixtures of the seed ﬂour of V. unguiculata and the FITC–vicilin
complex. The ﬂour was inserted and compacted inside gelatin
capsules with the aid of spatulas and glass rods. Larvae removed
from seeds of V. unguiculata were transferred to a cavity produced
in the compacted mass of ﬂour in one half of the gelatin capsule, at
a ratio of three larvae per capsule. Following this, the two halves of
the capsules were carefully joined together in order to permit the
feeding movements of the larvae and maintained in the dark.
Controls were used in which only FITC was mixed with seed
ﬂour at the concentration of 2.0% (w/w) in order to assess the level
of FITC absorption. Capsules containing only cowpea ﬂour were
used as controls to evaluate auto-ﬂuorescence of the internal
organs.
Larvae were left to complete their metamorphosis until
emergence of adults. In order to visualize and document the
presence of labelled vicilins by microscopy from gonads and eggs,
fresh portions were mounted on glass slides and visualized using a
laser Confocal microscope (Leica DMI6000 B Microscope).
2.8. Extraction of vicilin–FITC complex from C. maculatus eggs and
genitalia
Vicilin–FITC fed and mated females 3-days after emergence
were transferred to glass vials and maintained during 24 h inside
an incubator at 28 8C and 70% RH and without access to males.
After this time, the eggs laid on cowpea seeds were removed with a
ﬁne needle, placed in a 1.5 mL tube and homogenized (50 eggs/
150 mL) in 250 mM NaCl at 4 8C. The homogenate was centrifuged
at 15,000  g for 15 min at 4 8C and the proteins in the supernatant
were fractionated by SDS–PAGE as previously described.
Virgin vicilin–FITC fed males and control females that copulated
with some of those males were dissected and their genitalia and fat
bodies were collected. Following collection, some genital tracts
were freshly prepared for confocal microscopy and pooled
genitalia were homogenized in water using a hand-held Potter–
Elvehjem homogenizer immersed in ice. Tissue homogenates were
centrifuged at 15,000  g for 30 min at 4 8C and the supernatants
were used for protein determination and fractionation by SDS–
PAGE as previously described.
2.9. Protein band processing and sample preparation for mass
spectrometry
Preparative gel electrophoresis (SDS–PAGE) comprising ca
30 mg of proteins from C. maculatus whole egg homogenates
and 50 mg of protein from genitalia of both males and females were
run as above and stained with Coomassie Blue. Protein bands with
Rf similar to peptides recognized by the anti-vicilin antibody (see
Souza et al., 2010) were then located on the preparatory gels and
excised manually. Gel slices were distained (0.1 M ammonium
bicarbonate and 40% acetonitrile), dehydrated (100% acetonitrile)
and dried in a speed-vac. Protein digestion was performed as
described by Demartini et al. (2011).
The tryptic peptides collected after digestion were analyzed by
reversed-phase HPLC coupled with tandem mass spectrometry
(LC–MS/MS) performed in an electrospray ionization quadrupole
time-of-ﬂight mass spectrometer (Q-TOF MicroTM, Micromass,
Waters, Milford, United States). The peptides were separated in a
Nanoease C18 (75 mm ID) capillary column eluted with a water/acetonitrile 0.1% formic acid gradient. Data were acquired in dara-
dependent mode (DDA), and multiple charged peptides ions (+2, +3
and +4) were automatically mass selected and dissociated in MS/
MS experiments. Flow was set for 600 nL/min, nanoﬂow capillary
voltage of 3.5 kV, block temperature of 100 8C, and cone voltage of
100 V.
The MS/MS spectra acquired were processed using Proteinlynx
v. 2.0 software (Waters, Milford, USA) and the generated PKL ﬁles
were used to perform database searches using a in house license
for MASCOT software v. 2.2 (Matrix Science, London, UK). The non-
redundant NCBI database was used for search the data. Search
parameters allowed a maximum of one missed cleavage, the
carbamidomethylation of cysteine, the possible oxidation of
methionine, peptide tolerance of 0.3 Da, and MS/MS tolerance of
0.2 Da. The signiﬁcance threshold was set at p < 0.05, and
identiﬁcation required that each protein contained at least one
peptide with an expected value <0.05. Data were manually
checked for validation.
2.10. Confocal microscopy
In order to visualize and document the presence of labelled
vicilins by microscopy from larvae, adults and eggs, fresh portions
were mounted on glass slides and visualized using a laser Confocal
microscope (Leica DMI6000 B Microscope).
3. Results
3.1. Localization of FITC–vicilin complex in male and female genitalia
and in the eggs
Vicilin–FITC complexes were detected by confocal microscopy
in the genitalia of virgin males as soon as they emerged from the
artiﬁcial seeds (Fig. 1A–C). When vicilin–FITC fed males were
mated to control virgin females, the ﬂuorescence could be seen in
the genitalia within minutes after the copulation (Fig. 1D–F). The
vicilin–FITC complex could be traced from the distal parts of the
female genitalia to the ovarioles (Fig. 2). Tracing the ﬂuorescence,
we could see that the vicilin–FITC complex was incorporated in the
forming chorion of the oo¨cytes (Fig. 2D–F). When females were
allowed to lay their eggs, the ﬂuorescence in the laid eggs was
clearly visible under confocal microscopy (Fig. 3A–C and supple-
mentary material 1).
3.2. Fate of the vicilin–FITC complex during embryonic development
In order to determine the fate of the vicilin–FITC complex after
oviposition, we followed the embryonic development in the eggs
laid by fertilized females until the eclosion of the neonatal larvae.
In this case, both males and females were fed a diet containing the
vicilin–FITC complex during the larval period. We can see in Fig. 4
that only 3 days after oviposition it is possible to distinguish the
segments of the embryo inside the egg (Fig. 4D). Throughout the
fourth and ﬁfth days after oviposition it is possible to see that the
embryo eroded part of the egg shell (Fig. 4E–H and supplementary
material 2). At the sixth day after oviposition, the newly hatched
larvae start eating a circular window from the ﬂoor of the egg shell
before eclosion (Fig. 4I and J). After the eclosion, a ﬂuorescent egg
shell was left behind, where it was also possible to see a ﬂuorescent
deposit close to the egg pore (Fig. 4K and L). Fluorescent fragments
were also seen close to the anus of the neonatal larva (Fig. 5).
3.3. Isolation of the vicilin fragments by electrophoresis
Attempts to extract the ﬂuorescent peptides deposited in the
eggs were only partially successful. Invariably, most of the
Fig. 1. Fluorescence microscopy localisation of FITC labelled vicilin in the genitalia of adult Callosobruchus maculatus. Late fourth instar larvae were fed with a mixture of
cowpea seed ﬂour containing 2% FITC–vicilin until adult emergence. Following emergence, virgin males were allowed to mate once with virgin control females (females that
did not feed on labelled vicilin). Some male specimens were dissected soon after emergence and sections of the genitalia were freshly mounted on glass slides and visualized
using a laser confocal microscope (A–C). After copulation, the females were also immediately dissected and sections of their genitalia were prepared for confocal microscopy
as described above for males (D–F). (A) Confocal laser scanning micrograph (single optical section) of male accessory glands. (B) Bright-ﬁeld image of the same accessory
gland section. (C) Superimposition of bright-ﬁeld and ﬂuorescence images of the same previous sections. Note green ﬂuorescence in the seminal vesicles. (D) Confocal laser
scanning micrograph of female genital section after copulation. (E) Bright-ﬁeld image of the same female genital section. (F) Superposition of bright-ﬁeld image and
ﬂuorescence microscopy of the same section. Note ﬂuorescence was dispersed in the female genital tract. Bars: 100 mm. (For interpretation of the references to color in this
ﬁgure legend, the reader is referred to the web version of the article.)
D. Alexandre et al. / Journal of Insect Physiology 57 (2011) 801–808804ﬂuorescence was maintained in the pellets after homogenization
and centrifugation (data not shown). Inspections of the pellets
showed that the ﬂuorescence was associated with the egg shell. In
order to separate the fragments of the vicilins putatively produced
in the fat body and transported to the eggs, we decided to
homogenate the genitalia of adults and the freshly laid eggs. The
presence of a vicilin derived peptide in the genitalia of C. maculatus
adults and in the eggs was conﬁrmed by separation of a band from
SDS–PAGE with Rf similar to the band recognized by the anti-vicilin
polyclonal antibody followed by determination of partial sequence
by using mass spectrometry (Fig. 6). The recognition of vicilin
fragments with similar electrophoretical migration suggests that
the same form of the vicilin fragments was maintained following
partial proteolysis in the fat body and subsequent incorporation in
the genitalia of both sexes and in the eggs.
4. Discussion
The absorption of intact proteins across the midgut epithelium
of insects has received limited attention until recently, but a
growing number of papers have conﬁrmed that this phenomenon
is much more common than previously documented (review by
Jeffers and Roe, 2008). Despite of the potential use of absorbable
proteins as a promising method for delivering insecticides into the
haemocoel of target insects (Casartelli et al., 2005; Jeffers and Roe,
2008; Fiandra et al., 2009), the studies about absorption of proteins
in insects is in its infancy and one of the less understood aspects of
this process is its adaptive value. We have demonstrated that C.
maculatus larvae absorb intact vicilin molecules through their
midgut epithelium and that vicilin is partially degraded in the fatbody (Uchoˆa et al., 2006). More recently, we demonstrated that
vicilin-derived peptides can be found in the fat body of both
females and males and in the eggs (Souza et al., 2010). As vicilin-
derived peptides have been associated to fungicidal and fungistatic
activities, we proposed that the deposition of vicilin peptides may
function as a component of the humoral defensive arsenal of the
eggs. However, as the males do not lay eggs, why do they emerge
from the seed host with vicilin in their fat bodies? Our hypothesis
was that males may transfer the vicilin peptides to the females
during copulation. This type of transfer of chemical substances
from males to females during copulation is known as seminal
nuptial gift (Vahed, 1998; Gilliot, 2003; Gwynne, 2008).
C. maculatus females, like females of many insect species, mate
with more than one male (polyandry). Two broader hypothesis aim
to explain why females take multiple mates: material and genetic
beneﬁts (Arnqvist and Nilsson, 2000; Jennions and Petrie, 2000;
Tseng et al., 2007). The material beneﬁts can be further divided into
nutrient and stimulus, meaning that male ejaculates may
contribute with nutrients to be utilized by female’s somatic and
reproductive tissues or alternatively be incorporated in the eggs
(Huignard, 1983; Boucher and Huignard, 1987) or ejaculates can
affect female behaviour (Gilliot, 2003). In C. maculatus, there are
some observations concerning the beneﬁts of multiple mating and
costs to females. Some authors argue that the copulation process
inﬂicts injuries to the female genitalia affecting their longevity
(Crudgington and Siva-Jothy, 2000; Edvardsson and Tregenza,
2005), but different results were observed by Savalli and Fox
(1999), who demonstrated an increase in fecundity due to multiple
copulations. Higher female longevity was also observed following
multiple copulations (Fox, 1993; Messina and Slade, 1999; Ro¨nn
Fig. 2. Fluorescence microscopy localisation of FITC labelled vicilin in the ovary of Callosobruchus maculatus female following copulation with a vicilin–FITC fed male. After
copulation, the females were dissected and sections of their ovaries were prepared for confocal microscopy. (A–C) A detail of one ovariole12 h after mating. (A) Confocal laser
scanning micrograph (single optical section) of a ovariole. (B) Bright-ﬁeld image of the same ovariole section. (C) Superimposition of bright-ﬁeld and ﬂuorescence images of
the same previous sections. Note ﬂuorescence in the follicle epithelium around the oo¨cytes; (D–F) ﬂuorescence around a distal oo¨cyte 24 after the copulation. (D) Confocal
laser scanning micrograph of one oo¨cyte. (E) Bright-ﬁeld image of the same region. (F) Superposition of bright-ﬁeld image and ﬂuorescence microscopy of the same oo¨cyte.
Bars: 50 mm.
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selective advantage of an apparent sexual conﬂict between C.
maculatus males and females (Eady et al., 2007; Gwynne, 2008),
the females may receive advantages from multiple ejaculates that
compensate for the cost of mating and probably the costs and
beneﬁts are not mutually exclusives. Some authors argue that C.
maculatus females mate several times mainly to obtain water
(Arnqvist et al., 2005; Edvardsson, 2007; Ursprung et al., 2009).
Evidence for this hypothesis is that water-supplemented females
mate less frequently than females maintained without water and
they have longer life spans and lay more eggs (Ursprung et al.,
2009). However, Fox and Moya-Laran˜o (2009) suggest that water
deprivation is not the sole material beneﬁt leading females toFig. 3. Detection of FITC–vicilin in Callosobruchus maculatus eggs laid by females that copu
vicilin and left to complete their development. Following emergence virgin males were
vicilin). Laid eggs were freshly mounted on glass slides and visualized using laser confoca
microscopy. (B) Bright-ﬁeld microscopy of the same egg. (C) Superimposition of conforemate. According to these authors, both water and sugar may
enhance ﬁtness, but the calories derived from sugars are more
important than the water transferred during copulation. Apart
some disagreements, biological assays have shown that females of
some seed-feeding beetles acquire material beneﬁts in addition to
water from the male ejaculates. These male seminal nuptial gifts
appear to have positive effects on female ﬁtness and they have
great inﬂuence on ovarian production, being used during
vitellogenesis, as well as being incorporated in the oo¨cytes after
transfer from the male genitalia to the female haemolymph
(Huignard, 1983; Boucher and Huignard, 1987; Takakura, 2004).
In A. obtectus females, egg maturation is enhanced primarily by
the presence of male accessory secretions and secondarily bylated with ‘‘marked’’ males. Fourth instar larvae were fed with a mixture of 2% FITC–
 allowed to mate with virgin control females (females that did not fed on labelled
l microscopy soon after oviposition. (A) Egg observed using confocal laser scanning
cal and bright-ﬁeld images of the same egg. Bars: 10 mm.
Fig. 4. Fate of the FITC labelled vicilin during the development of eggs laid by Callosobruchus maculatus females mated to ‘‘marked’’ males. (A) Localisation of FITC labelled
vicilin two days after oviposition (confocal laser scanning micrograph) and (B), superimposition of confocal and bright-ﬁeld images of the same egg. (C) Localisation of FITC
labelled vicilin three days after oviposition (confocal laser scanning micrograph) and (D), superimposition of confocal and bright-ﬁeld images of the same egg. (E) Localisation
of FITC labelled vicilin four days after oviposition (confocal laser scanning micrograph) and (F) superimposition of confocal and bright-ﬁeld images of the same egg. (G)
Localisation of FITC labelled vicilin ﬁve days after oviposition (confocal laser scanning micrograph) and (H), superimposition of confocal and bright-ﬁeld images of the same
egg. (I) Localisation of FITC labelled vicilin six days after oviposition (confocal laser scanning micrograph) and (J), superimposition of confocal and bright-ﬁeld images of the
same egg. (K) Localisation of FITC labelled vicilin seven days after oviposition (confocal laser scanning micrograph) in the empty egg shell and (L), superimposition of confocal
and bright-ﬁeld images of the same egg shell. Bars: 60 mm.
Fig. 5. Fluorescence microscopy localisation of FITC labelled vicilin in the neonate
larvae developed from eggs laid by females mated to ‘‘marked’’ males. Note
ﬂuorescence in the surface of the cuticle and accumulation in the anus of the larva
(arrow).
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the transfer of high molecular mass substances to the female
haemolymph and detection of these substances or their derivatives
in mature oo¨cytes were also observed, as well as, vitellogenesis
stimulation and egg laying (Boucher and Huignard, 1987).
According to these authors, the male investment may inﬂuence
the ovarian development by supplying an important trophic
contribution, leading to an increase in female reproductive output.
In C. serratus, multiple copulations do not inﬂuence reproductive
success of females when they have access to food (Boucher and
Huignard, 1987).
In C. maculatus virgin males, large ejaculates have been
documented that can weigh up to 10% of the total body mass
(Fox, 1993; Eady, 1995; Savalli and Fox, 1999). The quantity of
ejaculate declines after each copula, but the volumes and number
of sperms are still much more than necessary for satisfactory
insemination. In spite of the evidence that low and high molecular
mass molecules from ejaculates are utilized by females, and can be
considered a male investment, very few such molecules have been
identiﬁed in seed-feeding beetles. In C. serratus, accessory gland
proteins (Acps) that affect egg maturation are transferred from the
bursa copulatrix through the haemolymph to the fat body, where
they may be processed (Boucher and Huignard, 1987).
Fig. 6. Fractionation of proteins from homogenates of eggs and genitalia of adult
Callosobruchus maculatus through one dimensional SDS–PAGE. Vc, vicilin control;
Eg, proteins from homogenate of whole egg; Ma, protein from genitalia of males and
Fe, protein from genitalia of females. The asterisks indicate the position of a vicilin-
derived peptide and part of its internal sequence.
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vicilins to adult C. maculatus, the fate of labelled vicilin was
investigated after mating and oviposition. In the experiments
described here, the fate of vicilins was tracked following
copulation of control females with males that emerged from
larvae fed on diets containing vicilin–FITC complex. The results
conﬁrmed the transport of vicilins from the male genital tract to
the female genital tract (Figs. 1 and 2). Furthermore, vicilin–FITC
complex was also detected during the oogenesis (Fig. 2), and
subsequently vicilins were detected following oviposition (Fig. 3
and supplementary material 1). Vicilin-derived peptides have
already been detected in the fat bodies of adult males and females
until at least 10 days after emergence (Souza et al., 2010), although
the function of these vicilin-derived peptides in males was
unknown.
Confocal microscopy analysis conﬁrmed that labelled vicilin
molecules were deposited in the eggs and that part of this material
is in fact consumed by the embryo and the neonate larva (Figs. 4
and 5 and supplementary material 2). As pointed out before, the
presence of vicilin in the fat body of adult bruchids is interesting,
especially as the adults do not feed under our experimental
conditions. Therefore, vicilin-derived peptides detected in adults
were originally incorporated during the larval phase and conserved
during the pupal and adult phases. The adaptive signiﬁcance of this
ﬁnding for females was discussed earlier (Souza et al., 2010). At the
end of the larval phase and in adults, the trimeric conformation of
the vicilin molecule was no longer detected and Western blotting
experiments revealed the predominance of immunoreactive vicilin
peptide fragments in internal organs of both females and males.
Considering that vicilin-derived peptides are known to have
antimicrobial activity (Chung et al., 1997; Marcus et al., 1999,
2008; Wang et al., 2001; Manners, 2007), we suggested that
vicilins deposited in the eggs may act as protective compounds
against pathogens. Based on Figs. 4 and 5 and supplementary
material 2, it seems that the embryo also consumes part of the
vicilin-derived peptides deposited in the eggs and the FITC excreta
is deposited close to the respiratory pore of the egg. These peptides
may provide amino acids to the late stages of the embryo
development, when its immune system may be functional and theprotection of the vicilin peptides can be dispensed. The identity of
the band present in the egg homogenate reactive against the anti-
vicilin polyclonal antibody was conﬁrmed by LC–MS/MS, and the
most abundant peptide is shown in Fig. 6. We suggest that C.
maculatus males contribute vicilin-derived peptides to be deposit-
ed in the eggs and that the injuries caused by the male genitalia in
the female may facilitate the passage of seminal molecules to the
haemolymph of their partners.
The results presented in this paper shed light on the possible
functions associated with the absorption of a storage seed protein
by a seed-feeding insect and on the intricate use of this protein to
reinforce the defences of the eggs. The presence of vicilin-derived
peptides in the internal organs of males is now understood and it is
a new example of material beneﬁt that a male can transfer to
females as nuptial gift.
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